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ABSTRACT

A compilation of published and unpublished chemical analyses
of samples of ferromanganese deposits from the ocean floor reveals
that only in relatively few areas of the world are the copper and nickel
contents sufficiently high for the nodules to represent a potential
source of metals,

The North and South Atlantic and Indian Oceans are character-
ized by deposits whose metal content (Cu, Ni, Mn and Co) are well
below the minimum values necessary for economic exploitation.

The situation is more favorable in the Pacific Ocean and most
encouraging in the North Pacific. In the South Pacific, nodules con-
taining over 1% Ni and lesser amounts of copper occur in the Peru
Basin, in deep waters east of the Marquesas Islands and Tuamotu
Plateau, and within the Southwest Pacific Basin. The relatively low
Cu and Ni values obtained in these areas may eliminate them as
prospective mining sites.

Only in the North Pacific do the analyses consistently show
values greater than 1% Cu and 1% Ni, and these nodules, therefore,
are the immediate target of the acean mining industry. The deposits
of interest lie north of the equator in a broad band between 6°30'N
and 20°N and stretching from 110°W to 180°W. Maximum copper
and nickel values occur along a line 8°N to 10°30'N and 131°30'W
to 145°W,
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INTRODUCTION

In response to the needs of the mining industry and government,
research institutions of the United States have been asked to compile,
print and distribute data in hand related to the various aspects of
ferromanganese deposits of the oceans (Maps 1-8). The work is
sponsored by the International Decade of Ocean Exploration of the
National Science Foundation. This second report in a series by the
authors presents listings of chemical analyses of ferromanganese
nodules and crusts. The previous report dealt with ferromanganese
deposits of the North Pacific (Horn et al., 1972a). A later report will
deal with metal values and sites for research and mining (Horn et al.,
1973). The purpose of these reports is to assemble existing data rather
than to conduct fundamental research on the deposits.

A list is given below of the sources of data and procedures of
chemical analysis followed by investigators. Six hundred and five
analyses are listed in the Appendices. Two-thirds are samples from
the North and South Pacific where most interest lies. The number of
analyses increases each year and regional trends in the distribution of
metals of interest to the ocean mining community are beginning to
appear (See maps 1-8 in pocket). There is also the problem of the
chemical analyses being conducted by many different methods - some
being considered less reliable than others. Because the data are often
not directly related, remarks made in this report should be considered

general in nature and tentative,
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NORTH ATLANTIC OCEAN

The Atlantic Ocean and Indian Ocean have considerably higher
rates of deposition than does the Pacific Ocean. The former, therefore,
have ferromanganese deposits which are more erratically distributed
and less extensive than those of the Pacific Ocean. The North Atlantic
Ocean is relatively narrow with an influx of large volumes of terrigenous
debris from the eastern and western limits. This material accumulates
on vast abyssal plains at the foot of continental margins. In addition to
this rapidly accumulating sediment is the quickly deposited carbonate of
the Mid-Atlantic Ridge. The Ridge occupies approximately half the area
of the North Atlantic seafloor. The widespread rapid accumulation of
terrigenous and biogenic debris precludes initiation and growth of ferro-
manganese deposits throughout much of the ocean.

Samples of ferromanganese have been recovered from three
different situations: 1) the Blake Plateau, 2) a red clay region
1100 miles east of Florida and 3) submarine elevations (Kelvin Sea-
mounts and Mid-Atlantic Ridge). These areas represent very little or
no net accumulation of sediment at the site. The Blake Plateau appears
to offer very little in the way of value from the point of view of economic
recovery: the metals of interest occur in very low amounts in the nod-
ules and crusts (averages Cu .08%, Ni .50%, Mn 14,5%, Co .42%,
n=5) and there is the additional problem of high incorporated carbonate
in the deposits (Table 2).

Topographic barriers and great water depth have resulted in a
protected region of the seabed 1100 miles east of Florida. This area,
referred to as the red clay province for convenience, contains many
nodules. However, as is true of most nodules from areas of red clay,
these have Ni and Cu values far below those needed for commercial
recovery. The average values are Cu .24%, Ni.36%, Mn 13.9%,

Co .35%, (n=8). The encrusting deposits of the flanks, shoulders



and summits of submarine elevations are equally low in the metals of
interest (averages Cu .14%, Ni .39%, Mn 13.5% and Co . 36%).
Ferromanganese is generally associated with rugged topographic features
and rock exposures.. .Low metal values plus hazardous conditions for
dredging operations suggest that it is highly unlikely that these deposits

will be of interest to the mining industry.

SOUTH ATLANTIC AND INDIAN OCEANS

The South Atlantic and Indian Oceans are very similar to the
North Atlantic in that their framework of sedimentation’is dominat-~
ed by large-scale input of continental debris and significant contributions
from a mid-ocean ridge system. Prevailing rates of sedimentation
throughout much of these oceans are above those which favor ferro-
manganese accretion. As a result, the metal-rich deposits are con-
fined to specific areas of slow deposition in protected basins or on
topographic highs. Because the content of Ni and Cu in the ferroman-
ganese deposits is very low, no attempt is made to differentiate them.
Although of great interest to researchers concerned with genesis of the
sediments, the crusts and nodules of the South Atlantic and Indian
Oceans do not appear to offer much to the ocean miner. When the
values of the various metals are averaged for the two oceans we find
Ni .54%, Cu .20%, Mn 16.28% and Co .26% (Tables 2, 3,4). These

numbers reveal the poor value of the deposits.

NORTH PACIFIC OCEAN

The North Pacific is not like the Atlantic and Indian Oceans in
that continental debris is trapped in secondary basins at the periphery
of the ocean and there is no large mid-ocean ridge system over which
carbonate sediment can accumulate and be re-sedimented in adjacent

deep water. The Emperor Seamount Chain and the Hawaiian Ridge
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cannot be equated with features like the Mid-Atlantic Ridge. Con-
sequently, the rates of sedimentation over vast areas of the North
Pacific are exceedingly low and growth of nodular deposits is
extensive over vast areas (Fig. 1).

Based on data in hand on the worldwide distribution of
ferromanganese, Horn and others (1972b, 1972c, 1972d) con-
sidered the nodules to occur most frequently and over greater
areas in the deep waters of the North Pacific than in any other
area of the world. Dredging and coring operations have reported
the deposits most often between 6°30'N and 20°N from deep
waters off Central America at 110°W to 180°W.

Inspection of the analyses of ferromanganese deposits from
the red clays of the North Pacific reveals that the average values
are Ni .76%, Cu .49%, Mn 18.2% and Co .25% (Table 1). The
band of siliceous radiolarian ooze and clay south of the red clays
is covered with nodules which are richer in the metals of interest.
Averages for Ni are 1.28%, Cu 1.16%, Mn 24. 6% and Co .23%.
Copper and nickel values are nearly twice as great for nodules
obtained from the siliceous oozes suggesting that they should be
of particular interest to the ocean miner (Fig. 2). These repre-
sent the highest values of copper and nickel determined on ferro-
manganese deposits of the world's oceans. The siliceous oozes
also consistently include approximately 6% more Mn than their
counterparts taken from red clay regions. Cobalt does not
follow the trends of Ni, Cu, and Mn; its value is essentially the
same for both deep-water sediment regions. Co is less abundant
in nodules from the areas of red clay and siliceous ooze but is
enriched in deposits located on submarine elevations such as the
Hawaiian Islands, Necker Ridge and Johnston Island. Analyses

indicate the nodules from red clay have .25% Co, those from the
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siliceous ooze .23% and values leap to an average of .79% on seamounts
associated with or part of the Hawaiian Islands and surrounding sea-

mounts.

SOUTH PACIFIC OCEAN

The South Pacific receives very little sediment from continental
sources, far less than other oceans. Nodular deposits in brown clays
are reported in the literature. However, based on the data in hand
most ferromanganese is located on or in the vicinity of submarine highs
such as the Line Islands, Manihiki Plateau, Coock Islands, Society
Islands and Tuamotu Plateau.

Inspection of the maps reveals that, although ferromanganese
concretions are very common here, the metal contents are lower than
those required by the ocean miner. In regions of red clay such as the
Peru Basin and deep waters east of the Marquesas Islands and Tuamotu
Archipelago, however, there is a suggestion that nodules contain average
values of Ni which may be attractive to the mining community in the
future.

On the basis of the information listed in this report the South
Pacific is not as attractive as the North Pacific. Average values for
metals contained in ferromanganese deposits in deep-water clay regions
of the South Pacific are Cu .23%, Ni.51%, Mn 15.1% and Co . 34%
(Table 3). Those deposits on submarine elevations have values of —

Cu.13%, Ni.41%, Mn 14, 6% and Co . 78%.

CONCLUSIONS

Inspection of the worldwide distribution of ferromanganese -
deposits reveals that they are most abundant within the North Pacific
(Maps 1-8). They lie in an east-west band between 6°30'N and 20°N -

extending from 110°W to 180°W. Not only are they most widespread
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here, they contain the highest values of copper and nickel of any
nodular deposit in the world ocean. This region, therefore, offers
the most promise to ocean miners.

The restricted distribution of the Cu-Ni rich deposits to a
specific area of the North Pacific is best explained by non-deposition
or minimal sedimentation in this area for millions of years. Tertiary
exposures and subcrops lie immediately below the sediment-water
interface. Such conditions are excellent for the development of ferro-
manganese deposits and possibly through time permit concentration of

the metals of interest to the ocean mining community.

ACKNOWLEDGMENTS

Assembly of information on the metal contents of ferroman-
ganese deposits of the oceans was sponsored by The Office for the
International Decade of Ocean Exploration of the National Science
Foundation (Grant GX 33616). Nodules in the Lamont-Doherty collec-
tion were obtained by R/V Vema and R/V Robert D. Conrad. Main-

tenance of the Deep-Sea Core Laboratory is supported by the Office of
Naval Research (Contract N00014-67-A-0108) and the National Science
Foundation (Grant NSF GA 29460).

Mary Parsons, Lillian Sussilleaux and Ivana Buric assisted in
the compilation of the data. Illustrations are the work of illustrator-

artist Virginia Rippon.



10

REFERENCES

Horn, D.R., Horn, B.M., and Delach, M. N,, 1972a, Ferromanganese
deposits of the North Pacific: Lamont-Doherty Geol. Observ.
Tech. Rept. No.l, NSF/IDOE-GX33616, 78 p.

Horn, D.R., Ewing, M., Horn, B.M., and Delach, M.N., 1972b,
World-wide distribution of manganese nodules: Ocean
Industry, v.7, no.l, p.26-29.

Horn, D.R., Horn, B.M., and Delach, M.N., 1972c, Distribution of
ferromanganese deposits in the world ocean, p.9-17, in
Horn, D.R., editor, Papers from a Conference on Ferro-
manganese Deposits on the Ocean Floor: Lamont-Doherty Geol.
Observ., Harriman, N.Y., Jan. 20-22, Washington, D.C.,
IDOE, National Science Foundation, 293 p.

Horn, D.R., Horn, B.M., and Delach, M. N,, 1972d, Worldwide
distribution and metal content of deep-sea manganese deposits,
p.46-60, in Manganese Nodule Deposits in the Pacific: Symposium/
workshop October 16-17, Honolulu, Hawaii, State Center for
Science Policy and Technology Assessment, Department of
Planning and Economic Development, State of Hawaii, 220 p.

Horn, D.R., Horn, B.M.,, and Delach, M.N.,, 1973. Ocean
manganese nodules: metal values and mining sites: Lamont-
Doherty Geol. Observ. Tech. Rept. No.4, NSF/IDOE-
GX33616 (in preparation).



Note:

RES 0y Y v 3% ¢~
- - s v
-3 VI -

-

TABLE 1,

CHEMICAL ANALYSES
OF SURFACE FERROMANGANESE NODULES AND CRUSTS

NORTH PACIFIC

This table is based on a quadrant system for ease of computer
plotting. As a result a few stations fall outside the ocean
identified by the table heading. Data in this table were obtained
from 90°E - 90°W and 0° - 60°N.
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TABLE 2.

CHEMICAL ANALYSES
OF SURFACE FERROMANGANESE NODULES AND CRUSTS

NORTH ATLANTIC AND NORTHERN INDIAN OCEANS

This table is based on a quadrant system for ease of computer
plotting. As a result a few stations fall outside the ocean
identified by the table heading. Data in this table were obtained
from 90°W - 90°E and 0° - 60°N,

Note:
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Note:

TABLE 3.

CHEMICAL ANALYSES
OF SURFACE FERROMANGANESE NODULES AND CRUSTS

SOUTH PACIFIC AND INDIAN OCEANS

This table is based on a quadrant system for ease of computer
As a result a few stations fall outside the ocean

plotting.
Data in this table were obtained

identified by the table heading.
from 90°E - 90°W and 0° - 60°S.
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TABLE 4.

CHEMICAL ANALYSES
OF SURFACE FERROMANGANESE NODULES AND CRUSTS

SOUTH ATLANTIC AND INDIAN OCEANS

This table is based on a quadrant system for ease of computer

As a result a few stations fall outside the ocean
Data in this table were obtained

Note:
plotting.
identified by the table heading.
from 90°W - 90°E and 0° - 60°S.
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New York 10964

Abstract:

A compilation of existing data on distribution and composition
of ferromanganese deposits of the North Pacific is presented. The
information is overprinted on maps showing sedimentary provinces
of the ocean. By doing this, several interesting relationships ap-
pear and suggest a tie between nodule distribution, metal content
and properties of substrate.

Nodules occur within regions of extremely slow sedimentation
of red clay and siliceous (Radiolarian) ocoze and clay. They are
most common in the Radiolarian ooze and clay comprising a 500-
mile wide deposit stretching from Central America westward to the
Marshall Islands.

Data on metal contents of nodules reveal those taken from sili-
ceous or Radiolarian deposits of the Equatorial Pacific are twice as
rich in Ni and Cu as the ones from red clays.

Properties of the siliceous ooze include very high porosity (88%)
and moisture content (336%). These and other physical properties of
the substrate show a correlation with high Ni, Cu and Mn content of
nodules. Additional data is needed from the radiolarian oozes and
associated nodules to confirm these relationships and to determine

their significance in genesis and exploitation of the nodules.
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INTRODUCTION

A considerable volume of data related to properties and uses
of the ocean floor are stored at oceanographic institutions throughout
the world. Current interest in exploitation of the seabed has resulted
in pressure from industry to have these data published. In this report
the authors have compiled information available to them concerning
ferromanganese deposits on the floor of the North Pacific Ocean. Chem-
ical analyses of nodules and crusts are included as well as wet density,
porosity, moisture content and texture of surface sediments.

The report is in three parts: 1) A brief statement about
sampling methods and results obtained; 2) Three tables listing data
available on ferromanganese deposits and their substrate; and 3) A
set of maps showing the distribution and properties of ferromanganese

deposits,

METHODS

Lamont-Doherty has recovered 775 piston cores from the

North Pacific using an 1, 800-1b coring head mounted on a core pipe with
a 2.5-in. ID. The average length of core recovered in the North Pacific
is 25 ft, Using these data it is possible to define the boundaries of ma-
jor sedimentary provinces. The final decision as to which province a
core belonged was based on the dominant sediment, not on the lithology
of the surface deposit. The surface or capping layer of cores is often
only a few inches thick and may not represent the prevailing sediment

of a region. For this reason Map 1 differs from recent maps prepared

by Fraser et al. (1972).



The distribution of ferromanganese deposits rests on sources
of information given in Tables 1 and 2. The list of chemical analyses
includes unpublished and published data on file at Lamont-Doherty, ma-
terial from Scripps Institution of Oceanography obtained through the
National Oceanographic Data Center, and results published in the litera-
ture.

Measurements of physical and textural properties of abyssal
sediments given in Table 3 were conducted by the authors and are part of
a data bank on ocean sediments at Lamont-Doherty. Bulk properties
were determined using Beckman Manual Pycnometers on samples taken
from cores when they were freshly extruded on deck. The samples were
stored in plastic vials and flown back to the laboratory. Formulas used

to determine the properties are:

1 ‘
Porosity (%) = Vol1;vr:: ‘:.hfn\zﬁeater x 100

_ Wet weight — Dry weight

-~ Dry weight — Salt weight 100

Moisture Content (%)

Volume salt water
Dry volume

Void Ratio =

Grain size was determined using the combined sieve-pipette technique of
Folk (1968).

Considerable emphasis has been placed on showing the results
visually on maps. This has been done to keep the report brief yet in-

formative.



SEDIMENTARY PROVINCES

Sediments of the North Pacific are best described if grouped
in three categories: 1) terrigenous, 2) pelagic, and 3) material de-

rived from topographic highs.

Terrigenous Sediments:

Land-derived or terrigenous deposits include gray and gray-
green silts, muds and clays of the continental margin along with graded
sands and silts laid down by turbidity currents. Seaward dispersal of
sediment in the North Pacific is greatly restricted by an almost contin-
uous line of barriers (island arcs) and deeps (trenches) at the periphery
of the ocean. As a result, terrigenous deposits form a narrow ribbon of
sediment 150 to 180 miles wide around the limits of the basin (Map 1).
There is one area where coarse material penetrates the basin; this is
in deep water off Oregon. Here sediment delivered to the coast by the
Columbia River is resuspended offshore and carried by turbidity currents

1400 miles seaward of the continental rise.

Pelagic Sediments:

The second group of sediments includes the extensive pelagic
deposits. They cover three-fourths of the area of the North Pacific and
include biogenic debris and red clays. The pelagic sediments lie in
broad east-west zones which traverse the Pacific and generally coincide
with major current systems and depth zones (Map 1).

Lying farthest north are biogenic oozes (mainly diatomaceous),
ice-rafted detritus, and volcanic silt. The width of these deposits varies

from 390 miles to 850 miles (Map 1).

T~



Immediately to the south is red clay covering an area equal
to half the North Pacific. The red clay province is 5, 000 miles long
and ranges from 1, 300 to 1, 700 miles wide. Sediment is extremely uni-
form both laterally and vertically and has a mean particle size of less
than a micron. Manganese micronodules, occasional volcanic ejecta,
and fish teeth are associated with the clay.

The zone of siliceous ooze and clay lying immediately south
of the red clay is made up of the remains of Radiolaria. These one-
celled animals secrete a shell of opaline silica in the form of
hollow, transparent, perforated spheres. Upon death, the skeleton
sinks to the bottom and is added to billions of others already there. The
tiny structures now form a deposit 500 miles wide and 4, 500 miles long
(Map 1).

Along the equator is a 450-mile wide band of chalk and cal-
careous ooze composed of the remains of Foraminifera. These lime
deposits extend from Central America to the western limit of the North

Pacific Basin (Map 1).

Sediment Derived from Topographic Highs:

The last sediment type includes all material derived from sub-
marine topographic highs. It generally takes the form of volcanic or
carbonate debris which has been transported downslope by normal bottom
currents, slumping, or turbidity currents (Horn et al., 1970). Dis-
tribution of the deposits reflects the location of major topographic ele-

ments (Map 1),



DISTRIBUTION OF FERROMANGANESE DEPOSITS

On Map 2 are shown locations at which ferromanganese
crusts and nodules have been recovered. Sources of information are
listed in Table 1* Most data points are the result of dredging and
coring operations of Scripps Institution of Oceanography and Lamont-
Doherty Geological Observatory.

Map 2 reveals the areas of terrigenous sedimentation along
continental margins and island arcs; sites of turbidite deposition; the
northern zone of biogenic siliceous material; regions of sedimentation
on aprons around topographic highs; and areas of calcareous deposits
at the equator are generally barren of nodules. These provinces are
sites of relatively rapid sedimentation, which precludes development
of nodules. Crusts do occur on rock exposures associated with sea-
mounts and along fracture zones. However, they are considered to
form under a set of conditions distinct from those of deep-water nodules.

The great majority of nodules occur within the red clays and
narrow band of siliceous ooze. Both are characterized by very low
rates of sedimentation (i.e., red clay less than 1 mm/1, 000 yrs - Op-
dyke and Foster, 1970; and Radiolarian ooze at 3.5 mm/1,000 yrs -
Hays et al., 1969). From data given in Map 2 nodules seem most abun-
dant between 6° 30'N and 17°N which are the approximate boundaries of

radiolarian oozes and radiolarian clays.

Data of the U.S.S. NERO was collected using a sounding cup with
only a 12-mm opening through which the bottom sediment could pass.
In addition, sample descriptions did not distinguish between a nodule
and crust. For these reasons it was decided not to plot the results on
Map 2. However, information about these samples is included in
Table 1.



NICKEL, COPPER AND COBALT CONTENT OF NODULES

In sections dealing with metal values, the reader understands
that the average values of the metals for the nodules are a synthesis of
the results of several workers who used a variety of analytical methods.
The averages are used here to show trends, knowing that individual
analyses may not be directly comparable. The trend of the metals are
identified, and the reader can then refer to the tables and determine to
his own satisfaction whether or not specific results are valid or invalid.

Chemical analyses of some nodules from red clays and sev-
eral from radiolarian sediments are shown on Map 3. Results indicate
the average analysis for red clays is .76% Ni, .50% Cu, and .28% Co.

On the other hand, nodules from siliceous ocozes have average values
of 1.16% Ni, 1.02% Cu, and .25% Co.

The averages of the metals indicate nodules from radiolarian
oozes of the southern siliceous zone contain nearly twice as much nickel
and copper as their counterparts from red clays. It seems that if nodules
were equally abundant in both provinces, industry's interest would lie

only in those high in Ni and Cu from the radiolarian sediments.

IRON, MANGANESE AND CALCIUM CONTENT OF NODULES

Iron, manganese and calcium contents of nodules are given on
Map 4. Nodules from regions of red clays are higher in iron (average
11.45%) than those from ooze (average 8.15%). Manganese content of
of nodules from red clays (average 17.43%) is lower than those from
siliceous ooze (average 22.36%). Calcium determinations indicate nearly

equal values in both provinces.



Map 4 reveals these trends quite impressively. The left-
hand column of the histogram represents the value for iron. There is
a progressive increase of iron content from south to north. Manganese,
on the other hand, is represented by the center column and is high with-
in the siliceous oozes and shows a pronounced drop within the red clay

regions.

PHYSICAL PROPERTIES OF THE SUBSTRATE

Textural and physical properties of red clays and siliceous
ocozes from the floor of the North Pacific are listed in Table 3. This in-
formation has been drawn from the Lamont-Doherty data bank of physi-
cal properties of ocean sediments., Results are for surface sediments
only (Map 5).

Red clays have an average wet density of 1.49 g/cc, whereas
that of siliceous ooze is 1.18 g/cc. Values of porosity and moisture con-
tent are extraordinary. Average porosity of red clay is 77%, which is
high in itself; however, it is even higher for siliceous ooze with an aver-
age porosity of 88%. Average moisture content of the samples of red
clay is 126%, siliceous ooze 336%. The very high porosity and moisture
content of the southern siliceous oozes is due to the properties of the
skeletal grains comprising the deposit.

Radiolarian ooze of the Equatorial Pacific appears to be one
of the most porous materials on the ocean floor. Its high porosity is due
in part to spines on the outer surfaces of the Radiolaria which hold the
framework grains apart. This results in high interstitial porosity.
Added to this is the hollow skeleton with porous walls which many Radio-

laria possess. When dry, the ooze is similar to a foam or froth, ex-



tremely porous and with the capacity to filter or hold large volumes of
water. It is speculated that these properties may assist in vertical
flushing of metals through the sediment column (see Raab, 1972) and be
of primary importance to genesis of nodules high in nickel and copper.
Several hundred textural analyses of red clay indicate its
average particle size is less than a micron. Scant data on Radiolarian

oozes give a mean grain size of 1 to 2 microns,

CONCLUSIONS

Sedimentary provinces of the North Pacific have been outlined
and compared with the distribution of nodular ferromanganese deposits
and their metal content. Nodules occur within provinces of red clay and
radiolarian-bearing sediments. This relation suggests that an extremely
low rate of deposition is a primary control on the development and dis-
tribution of nodules.

Existing data on metal contents of nodules reveal that those
taken from the Radiolarian deposits of the Equatorial Pacific are twice
as rich in Ni and Cu as the red clays to the north. The nodules from
both provinces have similar amounts of Co and Ca, and those from red
clay provinces are richer in Fe. From these results it would seem that
the nodule deposits from the southern siliceous oozes offer most promise
to those interested in exploitation of nodules as a source of metals,

Information on the physical properties of the substrate suggest
that there is a correlation between the highly porous Radiolarian ooze
and nodules rich in Ni, Cu and Mn. More data is needed to verify this
relationship and to determine its meaning in the distribution and genesis

of the nodules.



ACKNOWLEDGMENTS

Compilation of data on the distribution of ferromanganese
deposits of the North Pacific was sponsored by the Office for the
International Decade of Ocean Exploration, National Science Founda-
tion (Grant GX-33616), Core data were collected by R/V VEMA and
R/V R.D, CONRAD of Lamont-Doherty Geological Observatory of
Columbia University. Sediment maps and physical property data
were executed under contract with the Naval Ship Systems Command
(Contract N00024-72-C-1152) and the Office of Naval Research
(Contract N00014-67-A-0108-0004). Maintenance of the Deep-Sea Core
Library at Lamont is supported by the Office of Naval Research
(Contract N00014-67-A-0108) and the National Science Foundation
(Grant NSF GA 29460). Compilation of data was accomplished by
M. Parsons and L. Sussilleaux, Illustrative material is the work of

jllustrator-artist Virginia Rippon.

REFERENCES

Folk, R.L., 1968, Petrology of sedimentary rocks: Austin, Texas,
Hemphill's, 170 p.

Fraser, J.Z., Hawkins, D. L., Hydock, L., Crocker, W.L.,, Schoen-
bechler, M., Newhouse, D,A,, and Chase, T.E., 1972, Sur-
face sediments and topography of the North Pacific: Geologic
Data Center, Scripps Institution of Oceanography, 10 charts,

Hays, J.D., Saito, T., Opdyke, N.D., and Burckle, L.H., 1969, Plio-
cene-Pleistocene sediments of the Equatorial Pacific — their
paleomagnetic, biostratigraphic and climatic record: Geol.

Soc. America Bull., v.80, p.1481-1514,



10

Horn, D.R., Horn, B.M.,, and Delach, M,N., 1970, Sedimentary
provinces of the North Pacific: Geol. Soc. America

Mem. 126, p.1-22.

Opdyke, N.D., and Foster, J.H., 1970, Paleomagnetism of cores

from the North Pacific: Geol. Soc. America Mem, 126,

p. 83-119.

Raab, Werner, 1972, Physical and chemical features of Pacific deep
sea manganese nodules and their implications to the genesis
of nodules: Paper presented at Ocean Manganese Conference
sponsored by National Science Foundation (I.D. O, E.), January,

(in press).



11

TABLE 1
CORE AND DREDGE SAMPLES CONTAINING FERROMANGANESE DEPOSITS
FOREIGN AND DOMESTIC EXPEDITIONS

NORTH PACIFIC
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TABLE 3
PHYSICAL PROPERTIES OF THE SUBSTRATE
AS DETERMINED BY ANALYSIS OF SAMPLES
FROM THE TOPS OF PISTON CORES
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